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Introduction {#onco13273-sec-0006}
============

For primary intestinal lymphoma (iL), prospective studies are rare and contain only a few patients. A multidisciplinary therapy concept of surgery, radiation, and chemotherapy is widely recognized, depending on localization, histology, and stage of intestinal lymphoma [1](#onco13273-bib-0001){ref-type="ref"}, [2](#onco13273-bib-0002){ref-type="ref"}. In contrast to primary gastric lymphoma, patients with iL, particularly with multiple organ involvement, have a poorer prognosis [3](#onco13273-bib-0003){ref-type="ref"}. Lymphoma localized in the small bowel is often only diagnosed late, namely, when complications occur, leading to surgical procedure. Organ‐preserving treatment can be provided for lymphoma of the duodenum or colon; surgical procedure for the ileocecal region is not clearly defined. Patients with aggressive intestinal lymphoma undergo systemic chemotherapy followed by radiation therapy [2](#onco13273-bib-0002){ref-type="ref"}. The use of chemotherapy in indolent intestinal lymphoma strongly depends on the stage. The field size and radiation dosage in iL depend on histologic subtype and potential previous resection [1](#onco13273-bib-0001){ref-type="ref"}. The development of modern radiation techniques throughout the past 25 years [4](#onco13273-bib-0004){ref-type="ref"}, [5](#onco13273-bib-0005){ref-type="ref"}, [6](#onco13273-bib-0006){ref-type="ref"}, [7](#onco13273-bib-0007){ref-type="ref"}, [8](#onco13273-bib-0008){ref-type="ref"} makes radiotherapy a central, well‐tolerated treatment option with curative potential in gastrointestinal lymphoma.

In these multi‐institution cohorts we describe the details of radiation therapy in a therapeutic multimodality approach for patients with iL treated between 1992 and 2003 within two consecutive prospective study designs, GIT 1992 [9](#onco13273-bib-0009){ref-type="ref"} and GIT 1996 [10](#onco13273-bib-0010){ref-type="ref"}. The tolerability and efficacy of stage‐, histology‐, and resection‐adapted radiation therapy volume is shown with reference to tumor control, acute and chronic adverse effects, survival results, and patterns of relapse regarding long‐term follow‐up. Dose calculation in two technically available cases of indolent duodenal iL compares normal tissue complication probability (NTCP) of primary radiotherapy with current standard involved site radiation therapy (RT) 30 Gy.

Subjects, Materials, and Methods {#onco13273-sec-0007}
================================

Patients {#onco13273-sec-0008}
--------

We prospectively analyzed the medical paper records of 134 patients who had biopsy‐proven intestinal lymphoma and either indolent lymphoma at stage IE or IIE or aggressive lymphoma at any stage. Radiation therapy was applied at 61 radiotherapeutic institutions between 1992 and 2003; the follow‐up data closure date was March 29, 2019. The patients received staging and follow‐up based on conventional computer tomography because positron emission tomography--computed tomography (CT) had not yet been implemented in clinical routine in the 1990s and furthermore is not recommended for small bowel lymphoma diagnostics. All patients received RT with curative intent. In aggressive and simultaneous aggressive‐indolent (mixed) lymphoma, RT was applied after four or six cycles of CHOP (cyclophosphamide, adriamycin, vincristine, prednisolone) chemotherapy. In indolent unresected lymphoma at stage IIE, RT was applied after six cycles of COP (cyclophosphamide, vincristine, prednisolone) in the first study or after six cycles of MCP (mitoxantrone, chlorambucil, prednisolone) in the second study [9](#onco13273-bib-0009){ref-type="ref"}, [10](#onco13273-bib-0010){ref-type="ref"}. In all cases the primary pathological diagnosis of intestinal lymphoma was confirmed by an expert consultant of an institute of lymphoma pathology. Each patient gave written informed consent for the study. We compiled the data about clinical characteristics, Eastern Cooperative Oncology Group (ECOG) performance status, lymphoma stage, treatment, adverse effects, follow‐up examinations, and relapse characteristics. Follow‐up assessment was completed through additional review of all patients' charts.

Compliance with Ethical Guidelines {#onco13273-sec-0009}
----------------------------------

The trials were conducted in accordance with the Declaration of Helsinki on Ethical Principles for Medical Research after approval of the Ethical Board of the Physicians chamber of Westfalia‐Lippe and the Westfalian Wilhelms‐University of Muenster. The studies were reviewed by the local Ethical Committees (institutional review boards) of the involved trials sites.

Registration {#onco13273-sec-0010}
------------

Registration was not applicable. The trials were initiated in 1992 and 1996, before the setting up of internationally accepted databases like <http://clinicaltrials.gov> (2000) or German Clinical Trials Register (2008).

Treatment Strategy {#onco13273-sec-0011}
------------------

Pathologic confirmation of primary intestinal lymphoma was obtained by biopsy or optional surgery in resectable lymphoma using standardized processes. After application of chemotherapy in aggressive lymphoma or in stage IIE unresected indolent lymphoma, all patients of the cohort were referred to the radiation oncologist for curative‐intent RT. Protocol RT was stratified according to histologic subtype, resection status, and stage of disease [9](#onco13273-bib-0009){ref-type="ref"}, [10](#onco13273-bib-0010){ref-type="ref"} containing either wide extended field including the mediastinum (EF‐supradiaphragmatic), extended field limited to the abdomen (EF), or involved field limited to the organ and lymph nodes affected by lymphoma (IF). The field size in aggressive stage I lymphoma decreased between the two study designs from EF (abdomen) to IF (Fig. [1](#onco13273-fig-0001){ref-type="fig"}B, C). In the second study all stages of aggressive lymphomas received IF radiotherapy after six cycles of CHOP. The extended field borders were determined as follows: the EF comprised the whole abdomen from the diaphragm to the lower border of the foramina obturatoria by omitting the right hepatic lobe; the EF‐supradiaphragmatic additionally included the mediastinal and supraclavicular lymph nodes. The IF comprised the involved organ and lymph nodes. The typical field borders are illustrated in Figure [1](#onco13273-fig-0001){ref-type="fig"}A--C. Patients were treated with initially anterior‐posterior opposing fields or increasingly with three‐dimensional (3D) conformal RT (CRT) (Table [1](#onco13273-tbl-0001){ref-type="table"}). In the case of the two opposing fields technique, the treatment started with anterior‐posterior fields blocking out the right hepatic lobe; after application of 18 Gy the fields were split and caudal maintained, whereas in the cranial part of the abdomen the RT was continued by lateral fields omitting the kidneys. The later 3D CRT was a typical four‐field arrangement with anterior‐posterior and two lateral beams. A central review was performed of all RT plans (Department of Radiation Oncology, University Hospital of Muenster, Germany).

![Radiation fields. **(A):** Abdomen with mediastinal and supraclavicular lymph nodes. **(B):** Extended field. **(C):** Involved field. **(D):** Involved site.](ONCO-25-e816-g001){#onco13273-fig-0001}

###### 

Study design and radiation technique in intestinal lymphoma

+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| Stage                                                                                   | Chemotherapy                                                                                      | Radiotherapy                                                                                                                                |
+:========================================================================================+:==================================================================================================+:============================================================================================================================================+
| GIT 1992[a](#onco13273-note-0002){ref-type="fn"}                                        |                                                                                                   |                                                                                                                                             |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| Indolent, resected intestinal NHL (*n* = 6)                                             |                                                                                                   |                                                                                                                                             |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| IE, II1E, II2E (*n* = 6)                                                                | Violation 6× COP (*n* = 1)                                                                        | EF 30 Gy (*n* = 6), boost to 40 Gy (*n* = 3/6)                                                                                              |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| Indolent, unresected intestinal NHL (*n* = 1)                                           |                                                                                                   |                                                                                                                                             |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| IE (*n* = 0)                                                                            | ---                                                                                               | EF 30 Gy + boost to 40 Gy (*n* = 0)                                                                                                         |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| II1E, II2E (*n* = 1)                                                                    | 6× COP‐21 (*n* = 0)                                                                               | EF‐supradiaphragmatic[b](#onco13273-note-0003){ref-type="fn"} 30 Gy + boost to 40 Gy (*n* = 0)                                              |
|                                                                                         |                                                                                                   |                                                                                                                                             |
|                                                                                         | Violation no COP (*n* = 1)                                                                        | Violation EF 30 Gy + boost to 40 Gy (*n* = 1)                                                                                               |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| Aggressive,[c](#onco13273-note-0004){ref-type="fn"} resected intestinal NHL (*n* = 26)  |                                                                                                   |                                                                                                                                             |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| IE (*n* = 8)                                                                            | 4× CHOP‐14 (*n* = 7)                                                                              | EF 30 Gy (*n* = 7), boost to 40 Gy (*n* = 2/7)                                                                                              |
|                                                                                         |                                                                                                   |                                                                                                                                             |
|                                                                                         | Violation 6× CHOP (*n* = 1)                                                                       | Violation IF 40 Gy (*n* = 1)                                                                                                                |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| IIE--IV (*n* = 18)                                                                      | 6× CHOP‐14 (*n* = 17)                                                                             | IF 40 Gy (*n* = 12)                                                                                                                         |
|                                                                                         |                                                                                                   |                                                                                                                                             |
|                                                                                         | Violation 5× CHOEP (*n* = 1)                                                                      | Violation EF 30 Gy + boost to 40 Gy (*n* = 5), EF 30 Gy (*n* = 1)                                                                           |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| Aggressive,[c](#onco13273-note-0004){ref-type="fn"} unresected intestinal NHL (*n* = 5) |                                                                                                   |                                                                                                                                             |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| IE (*n* = 1)                                                                            | 4× CHOP‐14 (*n* = 0)                                                                              | EF 30 Gy + boost to 40 Gy (*n* = 0)                                                                                                         |
|                                                                                         |                                                                                                   |                                                                                                                                             |
|                                                                                         | Violation 6× CHOP (*n* = 1)                                                                       | Violation IF 40 Gy (*n* = 1)                                                                                                                |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| IIE--IV (*n* = 4)                                                                       | 6× CHOP‐14 (*n* = 3)                                                                              | IF 40 Gy (*n* = 1)                                                                                                                          |
|                                                                                         |                                                                                                   |                                                                                                                                             |
|                                                                                         | Violation no CHOP (*n* = 1)                                                                       | Violation EF 29.4 Gy (*n* = 1), EF 30 Gy + boost to 37.2 Gy (*n* = 1), IF 46 Gy (*n* = 1)                                                   |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| GIT 1996[d](#onco13273-note-0005){ref-type="fn"}                                        |                                                                                                   |                                                                                                                                             |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| Indolent, resected intestinal NHL (*n* = 18)                                            |                                                                                                   |                                                                                                                                             |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| IE, II1E, II2E (*n* = 18)                                                               | Violation 2× CHOP (*n* = 1), 4× (*n* = 1), 6× (*n* = 1)                                           | EF 30 Gy (*n* = 16), boost to 40 Gy (*n* = 9/16)                                                                                            |
|                                                                                         |                                                                                                   |                                                                                                                                             |
|                                                                                         |                                                                                                   | Violation EF to 25.5 Gy (*n* = 1), IF to 40 Gy (*n* = 1)                                                                                    |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| Indolent, unresected intestinal NHL (*n* = 26)                                          |                                                                                                   |                                                                                                                                             |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| IE (*n* = 17)                                                                           | Violation 4× CHOP (*n* = 1)                                                                       | EF 30 Gy + boost to 40 Gy (*n* = 16)                                                                                                        |
|                                                                                         |                                                                                                   |                                                                                                                                             |
|                                                                                         |                                                                                                   | Violation no boost (*n* = 1)                                                                                                                |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| II1E, II2E (*n* = 9)                                                                    | 6× MCP‐28 (*n* = 2)                                                                               | EF‐supradiaphragmatic[b](#onco13273-note-0003){ref-type="fn"} 30 Gy + boost to 40 Gy (*n* = 5)                                              |
|                                                                                         |                                                                                                   |                                                                                                                                             |
|                                                                                         | Violation no MCP (*n* = 7)                                                                        | Violation EF + boost to 35.4 Gy (*n* = 1), EF 24 Gy + boost to 40 Gy (*n* = 1), EF to 40 Gy (*n* = 1), IF to 40 Gy (*n* = 1)                |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| Aggressive, resected, and unresected intestinal NHL (*n* = 52)                          |                                                                                                   |                                                                                                                                             |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+
| IE--IV (*n* = 52)                                                                       | 6× CHOP‐14 (*n* = 45)                                                                             | IF 40 Gy (*n* = 40)                                                                                                                         |
|                                                                                         |                                                                                                   |                                                                                                                                             |
|                                                                                         | Violation 2× CHOP (*n* = 1), 4× (*n* = 3), 5× (*n* = 1), 8× (*n* = 1), 3× CHOP +3× IMEP (*n* = 1) | Violation EF to 18, 19.5, or 45 Gy (*n* = 3), EF + boost to 40 Gy (*n* = 6), EF + boost to 35.7 Gy (*n* = 1), IF to 21.6 or 30 Gy (*n* = 2) |
+-----------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------+

Radiation techniques for GIT 1992 (*n* = 38 patients) included AP/PA opposing fields for 33 (86.8%) patients and three‐dimensional conformal radiation therapy for 5 (13.2%) patients.

EF‐supradiaphragmatic includes mediastinum and supraclavicular lymph nodes.

Aggressive includes mixed‐histology NHL.

Radiation techniques for GIT 1996 (*n* = 96 patients) included one field for one (1.0%) patient (this patient, with multilocular intestinal and testis involvement of lymphoma, received one field radiotherapy of the testis), AP/PA opposing fields for 26 (27.1%) patients, and three‐dimensional conformal radiation therapy for 69 (71.9%) patients.

Abbreviations: AP/PA, anterior‐posterior/posterior‐anterior; CHOEP, CHOP + etoposide; CHOP, cyclophosphamide, adriamycin, vincristine, prednisone; COP, cyclophosphamide, vincristine, prednisone; EF, extended field; IF, involved field; IMEP, ifosfamide, methotrexate, etoposide, prednisone; MCP, mitoxantrone, chlorambucil, prednisone; NHL, non‐Hodgkin lymphoma.

In technically available CT scans of two patients with indolent duodenal lymphoma, the dose calculation for normal tissues of original 3D CRT was compared with current standard involved site radiation therapy (ISRT) 30 Gy for estimation of NTCP in both cases. The planning target volume definition for ISRT (Fig. [1](#onco13273-fig-0001){ref-type="fig"}D) was conducted according to current guidelines of International Radiation Oncology Group; thus Clinical Target Volume (CTV) for the two cases was defined as the entire duodenum [8](#onco13273-bib-0008){ref-type="ref"}.

Follow‐Up {#onco13273-sec-0012}
---------

Patients were routinely seen 8 weeks after finishing treatment for evaluation of potential radiogenic toxicity and initial response by use of esophago‐gastro‐duodenoscopy (EGD) [11](#onco13273-bib-0011){ref-type="ref"}. EGD with topographic mapping biopsy, abdominal ultrasound, hematology laboratory results, and monitoring of liver and renal function was performed in standard follow‐up intervals. Response was categorized as one of the following: complete response (CR), complete response uncertain (CRu), partial response, no change, and progressive disease. Relapse was classified as new manifestation of lymphoma after a time interval of at least 1 month after the first follow‐up--proven CR/CRu. Failure in the primary site of the bowel or regional lymph nodes was categorized as locoregional failure or relapse and relapse at other sites as distant failure. Early relapses occurred within the first year after treatment, late relapses thereafter [12](#onco13273-bib-0012){ref-type="ref"}. Transformation to aggressive lymphoma was also registered as recurrent disease.

Statistical Analysis {#onco13273-sec-0013}
--------------------

Baseline patient characteristics and radiotherapy treatment were outlined. Absolute and relative frequency in contingency tables described the categorical data. Acute and chronic adverse effects were evaluated by use of contingency tables; the chi‐square test was used for comparison of varying severity of adverse effects between the two study designs. Endpoints of the studies were event‐free survival (EFS), overall survival (OS), and lymphoma‐specific survival (LSS). The log‐rank test was used to compare survival curves for assessing the influence of treatment design and disease factors. We examined the number and the type of relapses after primary treatment. All statistical analyses were performed in IBM SPSS Statistics (version 25.0). The *p* values were two‐sided, descriptive measures. Values of *p* ≤ .05 were considered to indicate statistically significant differences.

Results {#onco13273-sec-0014}
=======

Patient Characteristics {#onco13273-sec-0015}
-----------------------

Clinical patient and lymphoma disease data are shown in Table [2A](#onco13273-tbl-0002){ref-type="table"} and [2B](#onco13273-tbl-0003){ref-type="table"}. The majority of all patients had stage IIE disease (57%). ECOG performance status was ≤1 in 98.5% of patients. Primary site of disease was predominantly the ileocecal region in 34.3%. For staging examinations all patients had CT scans, EGD, and colonoscopy. The histopathologic subtypes were indolent lymphoma in 38.0% (18 follicular, 26 marginal zone, 5 mantle cell, 2 immunocytoma), aggressive lymphoma in 53.0% (68 diffuse large B‐cell lymphoma \[DLBCL\], 3 T‐cell lymphoma), and a mixed lymphoma in 9.0% (as aggressive component a DLBCL in all 12 patients and as indolent component in 4 patients with follicular lymphoma, 7 with marginal zone lymphoma, and 1 with immunocytoma). Multimodal treatment in both studies is displayed in Table [1](#onco13273-tbl-0001){ref-type="table"}.

###### 

Patient characteristics and acute toxicity (CTCAE)

  Characteristics and toxicity                                     GIT 1992, *n* (%)   GIT 1996, *n* (%)   Total, *n* (%)
  ---------------------------------------------------------------- ------------------- ------------------- ----------------
  Patients with intestinal lymphoma                                38 (28.4)           96 (71.6)           134 (100)
  Age, median (range), years                                       53 (19--81)         60 (18--72)         58 (18--81)
  Gender                                                                                                   
  Female                                                           13 (34.2)           30 (31.3)           43/134 (32.1)
  Male                                                             25 (65.8)           66 (68.8)           91/134 (67.9)
  Histology                                                                                                
  Indolent                                                         7 (18.4)            44 (45.8)           51/134 (38.1)
  Aggressive                                                       26 (68.4)           45 (46.9)           71/134 (53.0)
  Aggressive/indolent                                              5 (13.2)            7 (7.3)             12/134 (9.0)
  Primary localization                                                                                     
  Duodenal                                                         1/38 (2.6)          12/96 (12.5)        13/134 (9.7)
  Small bowel                                                      10/38 (26.3)        23/96 (24.0)        33/134 (24.6)
  Ileocecal                                                        16/38 (42.1)        30/96 (31.3)        46/134 (34.3)
  Colonic                                                          1/38 (2.6)          8/96 (8.3)          9/134 (6.7)
  Rectal                                                           3/38 (7.9)          6/96 (6.3)          9/134 (6.7)
  Multilocular intestinal                                          7/38 (18.4)         17/96 (17.7)        24/134 (17.9)
  Ann Arbor stage                                                                                          
  IE                                                               11 (28.9)           42 (43.8)           53/134 (39.6)
  II1E                                                             14 (36.8)           30 (31.3)           44/134 (32.8)
  II2E                                                             13 (43.2)           20 (20.8)           33/134 (24.6)
  III                                                              ---                 2 (2.1)             2/134 (1.5)
  IV                                                               ---                 2 (2.1)             2/134 (1.5)
  Resection                                                                                                
  Total                                                            32/38 (84.2)        58/96 (60.4)        90/134 (67.2)
  Indolent                                                         6/38 (15.8)         18/96 (18.8)        34/134 (25.4)
  Aggressive                                                       23/38 (60.5)        35/96 (36.5)        58/134 (43.3)
  Aggressive/indolent                                              3/38 (7.9)          5/96 (5.2)          8/134 (6.0)
  Chemotherapy                                                                                             
  Total                                                            31/38 (81.6)        58/96 (60.4)        89/134 (66.4)
  Indolent                                                         1/38 (2.6)          6/96 (6.3)          7/134 (5.2)
  Aggressive                                                       26/38 (68.4)        45/96 (46.9)        71/134 (53.0)
  Aggressive/indolent                                              4/38 (10.5)         7/96 (7.3)          11/134 (8.2)
  Complete remission                                               38 (100)            96 (100)            134 (100)
  ECOG score                                                                                               
  ECOG 0                                                           32/38 (84.2)        88/96 (91.7)        120/134 (89.6)
  ECOG 1                                                           4/38 (10.5)         8/96 (8.3)          12/134 (8.9)
  ECOG 2                                                           1/38 (2.6)          ---                 1/134 (0.7)
  ECOG 3                                                           1/38 (2.6)          ---                 1/134 (0.7)
  Acute toxicity, CTCAE                                                                                    
  Drop in hemoglobin                                                                                       
  0                                                                27/38 (71.1)        72/96 (75.0)        99/134 (73.9)
  1--2                                                             11/38 (28.9)        21/96 (21.9)        32/134 (23.9)
  3--4                                                             ---                 3/96 (3.1)          3/134 (2.2)
  Leukocytopenia                                                                                           
  0                                                                19/38 (50.0)        34/96 (35.4)        53/134 (39.6)
  1--2                                                             15/38 (39.5)        58/96 (60.4)        73/134 (54.5)
  3--4                                                             4/38 (10.5)         4/96 (4.2)          8/134 (6.0)
  Thrombocytopenia                                                                                         
  0                                                                28/38 (73.7)        67/96 (69.8)        95/134 (70.9)
  1--2                                                             8/38 (21.1)         27/96 (28.1)        35/134 (26.1)
  3--4                                                             2/38 (5.3)          2/96 (2.1)          4/134 (3.0)
  Elevated bilirubin[a](#onco13273-note-0008){ref-type="fn"}                                               
  0                                                                36/38 (94.7)        88/96 (91.7)        124/134 (92.5)
  1--2                                                             2/38 (5.3)          4/96 (4.2)          6/134 (4.5)
  3--4                                                             ---                 ---                 ---
  Elevated transaminases[a](#onco13273-note-0008){ref-type="fn"}                                           
  0                                                                38/38 (100.0)       82/96 (85.4)        120/134 (89.6)
  1--2                                                             ---                 9/96 (9.4)          9/134 (6.7)
  3--4                                                             ---                 1/96 (1.0)          1/134 (0.7)
  Loss of appetite[b](#onco13273-note-0009){ref-type="fn"}                                                 
  0                                                                22/38 (57.9)        48/96 (50.0)        70/134 (52.2)
  1--2                                                             15/38 (39.5)        42/96 (43.8)        57/134 (42.5)
  3--4                                                             1/38 (2.6)          5/96 (5.2)          6/134 (4.5)
  Weight loss[b](#onco13273-note-0009){ref-type="fn"}                                                      
  0                                                                26/38 (68.4)        57/96 (59.4)        83/134 (61.9)
  1--2                                                             12/38 (31.6)        38/96 (39.6)        50/134 (37.3)
  3--4                                                             ---                 ---                 ---
  Nausea[b](#onco13273-note-0009){ref-type="fn"}                                                           
  0                                                                16/38 (42.1)        42/96 (43.8)        58/134 (43.3)
  1--2                                                             14/38 (36.8)        28/96 (29.2)        42/134 (31.3)
  3--4                                                             8/38 (21.1)         25/96 (26.0)        33/134 (24.6)
  Diarrhea[b](#onco13273-note-0009){ref-type="fn"}                                                         
  0                                                                17/38 (44.7)        35/96 (36.5)        52/134 (38.8)
  1--2                                                             7/38 (18.4)         37/96 (38.5)        44/134 (32.8)
  3--4                                                             14/38 (36.8)        23/96 (24.0)        37/134 (27.6)
  Constipation[b](#onco13273-note-0009){ref-type="fn"}                                                     
  0                                                                37/38 (97.4)        90/96 (93.8)        127/134 (94.8)
  1--2                                                             ---                 5/96 (5.2)          5/134 (3.7)
  3--4                                                             1/38 (2.6)          ---                 1/134 (0.7)

The available numbers are given, with missing data being the difference between total numbers and given numbers.

Acute toxicity (CTCAE) missing four patients (4.2%) from GIT 1996 in total 4 of 134 patients (3.0%) because of missing evaluation of the parameters "bilirubin" and "elevated transaminases."

Acute toxicity (CTCAE) missing one patient (1.0%) from GIT 1996, in total 1 of134 patients (0.7%) because of missing evaluation of the parameters "clinical symptoms."

Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events (version 4.03); ECOG Eastern Cooperative Oncology Group.

###### 

Patient characteristics with primary localization according to histological subtype

  Localization              Histology, *n* (%)   Total, *n* (%)                 
  ------------------------- -------------------- ---------------- ------------- ---------------
  Duodenal                  12/51 (23.5)         ---              1/12 (8.3)    13/134 (9.7)
  Small bowel               12/51 (23.5)         19/71 (26.8)     2/12 (16.7)   33/134 (24.6)
  Ileocecal                 8/51 (15.7)          34/71 (47.9)     4/12 (33.3)   46/134 (34.3)
  Colonic                   3/51 (5.9)           6/71 (8.5)       ---           9/134 (6.7)
  Rectal                    3/51 (5.9)           5/71 (7.0)       1/12 (8.3)    9/134 (6.7)
  Multilocular intestinal   13/51 (25.5)         7/71 (9.9)       4/12 (33.3)   24/134 (17.9)

Mixed indicates aggressive + indolent histology.

RT Dose, Technique, and Response {#onco13273-sec-0016}
--------------------------------

The applied radiation techniques in both studies are an expression of the historical development from opposing fields to 3D conformal radiotherapy (Table [1](#onco13273-tbl-0001){ref-type="table"}). Radiation therapy dose was 30 Gy ± 10% (*n* = 15) or 40 Gy ± 10% (*n* = 107) per protocol, in all but 12 patients, of whom 10 received an underdosage of \>10% and 2 received an overdosage of \>10%. In the second study, only two of the nine patients with unresected stage II indolent non‐Hodgkin lymphoma received six cycles of MCP before RT. Of the patients with aggressive lymphoma, 38 of 45 patients at any stage received RT after six cycles of CHOP (Table [1](#onco13273-tbl-0001){ref-type="table"}). The response to radiotherapy in the context of multimodal treatment was CR in 134 (100%) patients (Table [2A](#onco13273-tbl-0002){ref-type="table"}).

OS, EFS, and LSS {#onco13273-sec-0017}
----------------

During the follow‐up period 46 patients died; of these 10 deaths were related to second malignancies and 1 was related to recurrent previous gastric cancer (Fig. [2](#onco13273-fig-0002){ref-type="fig"}). The 15 lymphoma‐related deaths were caused mostly by relapses (*n* = 13/15; Table [3](#onco13273-tbl-0005){ref-type="table"}); only 2 were caused by lymphoma‐related ileus or cachexia. These 15 patients had primary stage I (*n* = 3), stage II (*n* = 11), or stage IV (*n* = 1) iL; of them 10 died from distant recurrence, 2 died from local recurrence, and 1 died from both distant and local recurrence. The remaining 20 of 46 patients died from nononcological causes.

![Causes of death in 46 events of death.](ONCO-25-e816-g002){#onco13273-fig-0002}

No radiotherapy‐associated death is shown for the entire cohort (Table [2A](#onco13273-tbl-0002){ref-type="table"}). Overall survival was higher in the second study with 77.4% after 10 years, respectively, without significant difference (*p* = .280; Fig. [3](#onco13273-fig-0003){ref-type="fig"}A; Table [2C](#onco13273-tbl-0004){ref-type="table"}). The different histologic subtypes differed by their OS rates in favor of indolent lymphoma with 84.7% after 10 years, in contrast to mixed or aggressive lymphoma, not statistically significant (*p* = .095; Fig. [3](#onco13273-fig-0003){ref-type="fig"}B; Table [2C](#onco13273-tbl-0004){ref-type="table"}).

![Survival curves. **(A):** Overall survival, *p* = .280. Number of deaths: GIT 1992, 17; GIT 1996, 29. Median follow‐up time: GIT 1992, 10.0 years (120 months); GIT 1996, 11.8 years (141.5 months). 10‐year overall survival: GIT 1992, 71.5% (95% confidence interval \[CI\], 56.4--86.6); GIT 1996, 77.4% (95% CI, 68.6--86.2). **(B):** Overall survival related to histologic subtype, *p* = .095. Number of deaths: aggressive, 27; mixed, 7; indolent, 12. Median follow‐up time: in total 11.7 years (140 months). 10‐year overall survival related to histologic subtype of lymphoma: indolent, 84.7% (95% CI, 74.3--95.1); mixed, 72.7% (95% CI, 46.4--99.0); aggressive, 69.6% (95% CI, 58.7--81.1). **(C):** Event‐free survival, *p* = .712. Number of events: GIT 1992, 18; GIT 1996, 36. Median follow‐up time: GIT 1992, 10.0 years (120 months); GIT 1996, 11.8 years (141.5 months). 10‐year event‐free survival: GIT 1992, 71.5% (95% CI, 56.4--86.6); GIT 1996, 69.7% (95% CI, 60.1--79.3). **(D):** Event‐free survival related to histologic subtype, *p* = .665. Number of events: aggressive, 28; mixed, 7; indolent, 19. Median follow‐up time: in total 11.7 years (140 months). 10‐year event‐free survival related to histologic subtype of lymphoma: indolent, 74.1% (95% CI, 61.4--86.8); mixed, 73.3% (95% CI, 47.4--99.2); aggressive, 66.9% (95% CI, 55.5--78.3). **(E):** Lymphoma‐specific survival, *p* = .481. Number of events: GIT 1992, 3; GIT 1996, 12. Median follow‐up time: GIT 1992, 10.0 years (120 months); GIT 1996, 11.8 years (141.5 months). 10‐year lymphoma‐specific survival: GIT 1992, 91.9% (95% CI, 83.1--100.7); GIT 1996, 87.6% (95% CI, 80.7--94.5). **(F):** Lymphoma‐specific survival related to histologic subtype, *p* = .093. Number of events: aggressive, 12; mixed, 1; indolent, 2. Median follow‐up time: in total 11.7 years (140 months). 10‐year lymphoma‐specific survival related to histologic subtype of lymphoma: indolent, 95.7% (95% CI, 89.8--101.6); mixed, 90.0% (95% CI, 71.4--108.6); aggressive, 83.5% (95% CI, 74.5--92.5).](ONCO-25-e816-g003){#onco13273-fig-0003}

###### 

Patient characteristics with follow‐up results and chronic toxicity (LENT SOMA)

  Characteristics                                                               GIT 1992, *n* (%)                                   GIT 1996, *n* (%)                                   Total, *n* (%)
  ----------------------------------------------------------------------------- --------------------------------------------------- --------------------------------------------------- --------------------
  Patients with intestinal lymphoma, *n*                                        38                                                  96                                                  134
  Median observation time in years (months)                                     10.0 (120)                                          11.8 (141.5)                                        11.7 (140)
  Local control                                                                 38 (100)[a](#onco13273-note-0012){ref-type="fn"}    96 (100)[b](#onco13273-note-0013){ref-type="fn"}    134 (100)
  Events (progression, relapse, death)                                          18 (47.4)[a](#onco13273-note-0012){ref-type="fn"}   36 (37.5)[b](#onco13273-note-0013){ref-type="fn"}   54 (40.3)
  Progression                                                                   0 (0)                                               0 (0)                                               0 (0)
  Relapse in total                                                              3 (7.9)                                             18 (18.8)                                           21 (15.7)
  Local                                                                         1 (33.3)                                            3 (16.7)                                            4 (19.0)
  Distant                                                                       2 (66.7)                                            14 (77.8)                                           16 (76.2)
  Local and distant                                                             0 (0)                                               1 (5.6)                                             1 (4.8)
  Early relapse[c](#onco13273-note-0014){ref-type="fn"}                         2 (66.7)                                            6 (33.3)                                            8 (38.1)
  Late relapse[d](#onco13273-note-0015){ref-type="fn"}                          1 (33.3)                                            12 (66.7)                                           13 (61.9)
  Death in total                                                                17 (44.7)                                           29 (30.2)                                           46 (34.3)
  Related to treatment                                                          0 (0)                                               0 (0)                                               0 (0)
  DOD                                                                           3 (17.6)                                            12 (41.4)                                           15 (32.6)
  Second malignancy                                                             4 (23.5)                                            6 (20.7)                                            10 (21.7)
  Other diseases                                                                9 (52.9)                                            11(37.9)                                            20 (43.5)
  Unknown                                                                       1 (5.9)                                             0 (0)                                               1 (2.2)
  Overall survival (with 95% CI)                                                                                                                                                        
  5‐year                                                                        86.7 (75.9--97.5)                                   87.9 (81.2--94.6)                                   ---
  10‐year                                                                       71.5 (56.4--86.6)                                   77.4 (68.6--86.2)                                   ---
  15‐year                                                                       58.6 (40.6--76.6)                                   63.4 (51.4--75.4)                                   ---
  Event‐free survival (with 95% CI)                                                                                                                                                     
  5‐year                                                                        86.7 (75.9--97.5)                                   82.6 (74.8--90.4)                                   ---
  10‐year                                                                       71.5 (56.4--86.6)                                   69.7 (60.1--79.3)                                   ---
  15‐year                                                                       54.1 (35.3--72.9)                                   55.0 (42.5--67.5)                                   ---
  Lymphoma‐specific survival (with 95% CI)                                                                                                                                              
  5‐year                                                                        91.9 (83.1--100.7)                                  90.1 (84.0--96.2)                                   ---
  10‐year                                                                       91.9 (83.1--100.7)                                  87.6 (80.7--94.5)                                   ---
  15‐year                                                                       91.9 (83.1--100.7)                                  84.4 (75.4--93.4)                                   ---
  Overall survival of histologic subtypes (with 95% CI)                                                                                                                                 
  Indolent lymphoma                                                                                                                                                                     
  5‐year                                                                        ---                                                 ---                                                 95.9 (90.2--101.6)
  10‐year                                                                       ---                                                 ---                                                 84.7 (74.3--95.1)
  15‐year                                                                       ---                                                 ---                                                 69.2 (52.5--85.9)
  Mixed lymphoma                                                                                                                                                                        
  5‐year                                                                        ---                                                 ---                                                 81.8 (59.1--104.5)
  10‐year                                                                       ---                                                 ---                                                 72.7 (46.4--99.0)
  15‐year                                                                       ---                                                 ---                                                 36.4 (4.5--68.3)
  Aggressive lymphoma                                                                                                                                                                   
  5‐year                                                                        ---                                                 ---                                                 82.6 (73.6--91.6)
  10‐year                                                                       ---                                                 ---                                                 69.6 (58.7--81.1)
  15‐year                                                                       ---                                                 ---                                                 62.6 (49.9--75.3)
  Event‐free survival of histologic subtypes (with 95% CI)                                                                                                                              
  Indolent lymphoma                                                                                                                                                                     
  5‐year                                                                        ---                                                 ---                                                 87.7 (78.5--96.9)
  10‐year                                                                       ---                                                 ---                                                 74.1 (61.4--86.8)
  15‐year                                                                       ---                                                 ---                                                 47.9 (28.5--67.3)
  Mixed lymphoma                                                                                                                                                                        
  5‐year                                                                        ---                                                 ---                                                 82.5 (60.4--104.6)
  10‐year                                                                       ---                                                 ---                                                 73.3 (47.4--99.2)
  15‐year                                                                       ---                                                 ---                                                 36.7 (4.6--68.8)
  Aggressive lymphoma                                                                                                                                                                   
  5‐year                                                                        ---                                                 ---                                                 81.4 (72.2--90.6)
  10‐year                                                                       ---                                                 ---                                                 66.9 (55.5--78.3)
  15‐year                                                                       ---                                                 ---                                                 62.4 (50.2--74.6)
  Lymphoma‐specific survival of histologic subtypes (with 95% CI)                                                                                                                       
  Indolent lymphoma                                                                                                                                                                     
  5‐year                                                                        ---                                                 ---                                                 98.0 (94.8--101.9)
  10‐year                                                                       ---                                                 ---                                                 95.7 (89.8--101.6)
  15‐year                                                                       ---                                                 ---                                                 95.7 (89.8--101.6)
  Mixed lymphoma                                                                                                                                                                        
  5‐year                                                                        ---                                                 ---                                                 90.0 (71.4--108.6)
  10‐year                                                                       ---                                                 ---                                                 90.0 (71.4--108.6)
  15‐year                                                                       ---                                                 ---                                                 90.0 (71.4--108.6)
  Aggressive lymphoma                                                                                                                                                                   
  5‐year                                                                        ---                                                 ---                                                 85.4 (77.0--93.8)
  10‐year                                                                       ---                                                 ---                                                 83.5 (74.5--92.5)
  15‐year                                                                       ---                                                 ---                                                 79.7 (68.5--90.9)
  Impaired organ function (LENT SOMA)[e](#onco13273-note-0016){ref-type="fn"}                                                                                                           
  Liver (*p* = .089)                                                                                                                                                                    
  0                                                                             34 (89.5)                                           89 (92.7)                                           123 (91.8)
  1--2                                                                          0 (0)                                               4 (4.2)                                             4 (3.0)
  Kidney (*p* = .178)                                                                                                                                                                   
  0                                                                             28 (73.7)                                           81 (84.4)                                           109 (81.3)
  1--2                                                                          6 (15.8)                                            12 (12.5)                                           18 (13.4)
  Bladder (*p* = .107)                                                                                                                                                                  
  0                                                                             34 (89.5)                                           89 (92.7)                                           123 (91.8)
  1--2                                                                          0 (0)                                               4 (4.2)                                             4 (3.0)
  Stomach and bowel (*p* = .128)                                                                                                                                                        
  0                                                                             24 (63.2)                                           74 (77.1)                                           98 (73.1)
  1--2                                                                          10 (26.3)                                           19 (19.8)                                           29 (21.6)

Eighteen patients developed events in the first study, of whom 3 patients died from relapse.

Thirty‐six patients developed events in the second study, of whom 12 patients died from relapse.

Early relapse indicates relapse within the first year after start of treatment.

Late relapse indicates relapse after the first year of treatment.

Impaired organ function (LENT SOMA; grade 0, grade 1--2), missing patients: GIT 1992, 4 of 38 (10.5%); GIT 1996, 3 of 96 (3.1%); in total 7 of 134 (5.2%).

Abbreviations: CI, confidence interval; DOD, died of disease; LENT SOMA, Late Effects in Normal Tissue Subjective, Objective, Management, Analytic.

The EFS was stable between the two studies despite decreasing radiation field size in stage I aggressive iL: 10‐year EFS in the second study was 69.7%, not differing significantly between the two studies (*p* = .712; Fig. [3](#onco13273-fig-0003){ref-type="fig"}C; Table [2C](#onco13273-tbl-0004){ref-type="table"}). The histologic subtypes differed by their EFS rates in favor of indolent lymphoma with 74.1% after 10 years, also not statistically significant (*p* = .665; Fig. [3](#onco13273-fig-0003){ref-type="fig"}D).

Only 3 of 15 lymphoma‐related causes of death occurred in the first study. Because they occurred in less than 5 years, the LSS rate remained constantly 91.9% in the first study. In contrast, in the second study the 10‐year LSS rate amounted to 87.6%. Of the 12 lymphoma‐related deaths in the second study, 9 occurred in less than 5 years. LSS differed not significantly between the two studies (*p* = .481; Fig. [3](#onco13273-fig-0003){ref-type="fig"}E). Most of the lymphoma‐related deaths developed in aggressive lymphoma (12/15); only one was in mixed lymphoma and two in indolent lymphoma. The different histologic subtypes differed by their LSS rates in favor of indolent lymphoma with 10‐year LSS of 95.7% without significant difference (*p* = .093; Fig. [3](#onco13273-fig-0003){ref-type="fig"}F).

Patterns of Relapse and Infield Failure {#onco13273-sec-0018}
---------------------------------------

A limited number of 21 patients experienced relapse, mainly coming from initial stages II1/II2 and original tumor localization in the small bowel or ileocecal region (Table [3](#onco13273-tbl-0005){ref-type="table"}). Histopathological subtype remained the same in all 21 relapses: 11 aggressive, 9 indolent, and 1 mixed lymphoma (relapsing first as indolent and second as aggressive lymphoma). Localizations of the 21 relapses were mainly distant in 76% (16/21). On further follow‐up six patients developed a second relapse (five distant, one local), and one of these developed a third relapse (distant).

###### 

Relapse characteristics (*n* = 21)

+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Characteristic                                                         | GIT 1992   | GIT 1996                                                               | Total          |
+:=======================================================================+:===========+:=======================================================================+:===============+
| Follow‐up patients with relapses, *n* (%)                              | 3 (14.3)   | 18 (85.7)                                                              | 21 (15.7)      |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Total relapse events, *n*                                              | 3          | 25                                                                     | 28             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| 1 relapse                                                              | 3          | 12                                                                     | 15             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| 2 relapses                                                             | 0          | 5                                                                      | 5              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| 3 relapses                                                             | 0          | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Sex, *n*                                                               |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Female                                                                 | 0          | 6                                                                      | 6              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Male                                                                   | 3          | 12                                                                     | 15             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Age, years                                                             | 44, 65, 69 | 18, 30, 44, 49, 58, 60, 60, 60, 60, 61, 61, 63, 64, 64, 65, 65, 69, 69 | Median, 61     |
|                                                                        |            |                                                                        |                |
|                                                                        |            |                                                                        | Range, 18--69  |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Ann Arbor Stage, *n*                                                   |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| I                                                                      | 0          | 4                                                                      | 4              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| II                                                                     |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| II1                                                                    | 1          | 6                                                                      | 7              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| II2                                                                    | 2          | 7                                                                      | 9              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| IV                                                                     | 0          | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| ECOG, *n*                                                              |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| 0                                                                      | 2          | 16                                                                     | 18             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| 1                                                                      | 1          | 2                                                                      | 3              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| 2                                                                      | 0          | 0                                                                      | 0              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Primary histology, *n*                                                 |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Indolent                                                               | 1          | 8                                                                      | 9              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| FL                                                                     | 1          | 5                                                                      | 6              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| MZL                                                                    | 0          | 3                                                                      | 3              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Aggressive                                                             | 2          | 9                                                                      | 11             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| T‐cell lymphoma                                                        | 0          | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| DLBCL                                                                  | 2          | 8                                                                      | 10             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Indolent‐aggressive                                                    | 0          | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Primary localization, *n*                                              |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Small bowel                                                            | 1          | 6                                                                      | 7              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Ileocecal region                                                       | 2          | 5                                                                      | 7              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Duodenum                                                               | 0          | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Colon                                                                  | 0          | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Rectum                                                                 | 0          | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Ileocecal region + lung                                                | 0          | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Multilocular intestinal                                                | 0          | 3                                                                      | 3              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Protocol‐deviation,[a](#onco13273-note-0018){ref-type="fn"} *n*        |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| No                                                                     | 2          | 7                                                                      | 9              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Yes                                                                    | 0          | 0                                                                      | 0              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Protocol‐violation,[b](#onco13273-note-0019){ref-type="fn"} *n*        |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Yes                                                                    | 1          | 11                                                                     | 12             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Chemotherapy                                                           | 0          | 8                                                                      | 8              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| RT                                                                     | 1          | 2                                                                      | 3              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| RT + chemotherapy                                                      | 0          | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| First relapse histology, *n*                                           |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Indolent                                                               | 1          | 7                                                                      | 8              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Presumed indolent                                                      | 0          | 2                                                                      | 2              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Aggressive                                                             | 2          | 9                                                                      | 11             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Indolent‐aggressive                                                    | 0          | 0                                                                      | 0              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| First relapse localization, *n*                                        |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Local                                                                  | 1          | 3                                                                      | 4              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Distant                                                                | 2          | 14                                                                     | 16             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Local + distant[c](#onco13273-note-0020){ref-type="fn"}                | 0          | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| First relapse interval,[d](#onco13273-note-0021){ref-type="fn"} months | 4, 5, 163  | 2, 4, 4, 5, 5, 6, 15, 16, 20, 24, 32, 46, 48, 61, 88, 97, 101, 172     | Median, 20     |
|                                                                        |            |                                                                        |                |
|                                                                        |            |                                                                        | Range, 2--172  |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| First relapse timing,[e](#onco13273-note-0022){ref-type="fn"} *n*      |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Early                                                                  | 2          | 6                                                                      | 8              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Late                                                                   | 1          | 12                                                                     | 13             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| First salvage therapy, *n*                                             |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Surgery                                                                | 0          | 0                                                                      | 0              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Chemotherapy                                                           | 1          | 11                                                                     | 12             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Radiotherapy                                                           | 1          | 1                                                                      | 2              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Radiochemotherapy                                                      | 0          | 3                                                                      | 3              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Radiochemotherapy + surgery                                            | 0          | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Watch and wait                                                         | 1          | 2                                                                      | 3              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| First salvage CR,[f](#onco13273-note-0023){ref-type="fn"} *n*          |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Persistent                                                             | 0          | 4                                                                      | 4              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Temporary                                                              | 0          | 6                                                                      | 6              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| No                                                                     | 3          | 8                                                                      | 11             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Re‐relapse interval,[g](#onco13273-note-0024){ref-type="fn"} months    |            | 19, 27, 53, 75, 66, 170, 195                                           | Median, 75     |
|                                                                        |            |                                                                        |                |
|                                                                        |            |                                                                        | Range, 19--195 |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Re‐salvage therapy, *n*                                                |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Chemotherapy                                                           |            | 3                                                                      | 3              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Radiotherapy                                                           |            | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Radiochemotherapy                                                      |            | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Cytoreductive therapy                                                  |            | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| No therapy                                                             |            | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Second salvage CR,[h](#onco13273-note-0025){ref-type="fn"} *n*         |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Persistent                                                             |            | 2                                                                      | 2              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Temporary                                                              |            | 1                                                                      | 1              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| No                                                                     |            | 4                                                                      | 4              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Death, *n*                                                             |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| No                                                                     | 1          | 7                                                                      | 8              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Yes                                                                    | 2          | 11                                                                     | 13             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| DOD, *n*                                                               |            |                                                                        |                |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| No                                                                     | 0          | 0                                                                      | 0              |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+
| Yes                                                                    | 2          | 11                                                                     | 13             |
+------------------------------------------------------------------------+------------+------------------------------------------------------------------------+----------------+

Protocol deviation means dose deviation \>5% and \< 10%.

Protocol violation means dose deviation ≥10% or false radiation field size.

Local at first relapse and distant at second/third relapse.

Relapse interval between start of RT and first relapse.

Relapse timing is early within the first year after start of treatment and late after the first year after start of treatment.

First salvage CR means de novo complete remission after first salvage therapy.

Re‐relapse interval between start of RT and second or third relapse.

Second salvage CR means de novo complete remission after second or third salvage therapy.

Abbreviations: CR, complete response; DLBCL, diffuse large B‐cell lymphoma; DOD, died of disease; ECOG, Eastern Cooperative Oncology Group; FL, follicular lymphoma; MZL, marginal zone lymphoma; RT, radiation therapy.

Analysis of the primary radiotherapy of the 21 recurrences revealed a protocol deviation in 12 patients: 8 incomplete chemotherapy applications, 3 protocol violations relating to radiotherapy (underdosage of the target \>10% ± inadequate field size); the remaining patient showed a combination of incomplete chemotherapy, inadequate field size, and underdosage of the target \>10% (Table [3](#onco13273-tbl-0005){ref-type="table"}). The first relapse occurred at median after 20 months. Salvage therapy of first relapse was successful in 10 of 21 patients. Thirteen patients with recurrent disease died related with lymphoma, 9 with distant and 4 with local (ileocecal region) relapses.

Toxicities and Second Malignancies {#onco13273-sec-0019}
----------------------------------

### *Acute Toxicity* {#onco13273-sec-0020}

Of the 134 patients treated with RT, acute radiotherapy‐related toxicities were analyzed using the Common Terminology Criteria for Adverse Events version 4.03 reporting system [13](#onco13273-bib-0013){ref-type="ref"}. In total, 4 of 134 (3.0%) patients could not be evaluated regarding the blood values of bilirubin and transaminases, and for 1 of 134 (0.7%) patients, the clinical symptoms could not be evaluated because data on these variables were not documented by the treating physicians (Table [2A](#onco13273-tbl-0002){ref-type="table"}).

Regarding grade 3 or 4 hematotoxicity, the tendency toward reduction in relative frequency of leukocytopenia from 10.5% to 4.2% (*p* = .161) and thrombocytopenia from 5.3% to 2.1% (*p* = .330) between the two studies is not statistically significant.

Acute grade 3 or 4 hepatotoxicity related to transaminases and bilirubin occurred in only 0.7% of patients.

In the entire cohort, the most frequent grade 3 or 4 gastrointestinal side effects were related to diarrhea, followed by nausea and loss of appetite, rare constipation, and no weight loss of higher grade. The reduction of relative frequency of grade 3/4 diarrhea from 36.8% to 24.2% (*p* = .142), the slight increase in relative frequency of grade 3/4 nausea from 21.1% to 26.3% (*p* = .526), and the slight rise in relative frequency of loss of grade 3/4 appetite from 2.6% to 5.3% (*p* = .509) between the two studies are all not statistically significant (Table [2A](#onco13273-tbl-0002){ref-type="table"}).

### *Chronic Toxicity* {#onco13273-sec-0021}

Of the 134 patients followed up, chronic toxicities could be analyzed in 127 (94.8%) patients according to the Late Effects in Normal Tissue Subjective, Objective, Management, Analytic (LENT SOMA) scoring system [14](#onco13273-bib-0014){ref-type="ref"}. For the remaining 7 of 134 (5.2%) patients, follow‐up data was not obtainable (Table [2A](#onco13273-tbl-0002){ref-type="table"}).

The trend toward lower relative frequencies of grade 1 or 2 chronic organ function impairment of the gastrointestinal tract from 26.3% to 19.8% and of kidneys from 15.8% to 12.5%, and toward higher relative frequencies of impaired organ function of the liver from 0.0% to 4.2% and urinary bladder from 0.0% to 4.2% between the two studies are all not statistically significant.

In 1 of the 55 patients with chronic toxicity, a potential causal relationship between radiotherapy could not be ruled out because of inadequate field size (EF instead of IF). Among the other 54 patients with chronic toxicity, no causal relationship with the primary radiotherapy (or previous chemotherapy) was demonstrable.

A total of 10 deaths resulted from second malignancies in the entire cohort. Of these patients who died, three were treated primarily with radiotherapy and seven with chemotherapy and radiotherapy.

The dose calculation in technically available CT scans of two patients with indolent duodenal lymphoma displays examples showing obviously lower radiation exposure of bilateral kidneys, liver, and duodenum/small bowel from current standard involved site RT 30 Gy compared with original extended field (EF 30 Gy + boost to 40 Gy) treatment. Also compared with involved field RT 40 Gy, ISRT 30 Gy causes lower radiation exposure of the organs at risk (Table [4](#onco13273-tbl-0006){ref-type="table"}).

###### 

Normal tissue complication probability (NTCP) in two patients with duodenal lymphoma, comparison with current standards (ISRT 30 Gy)

+---------------------------------------------+-----------------------------------------------+-----------------------------------+-----------------------------------+------+------+-------+-----------+----------------------------------+
| Normal tissue                               | Dose constraint                               | Patient 1 Field size and dose, Gy | Patient 2 Field size and dose, Gy | Risk |      |       |           |                                  |
+:============================================+:==============================================+===================================+===================================+======+======+=======+===========+:=================================+
| Right kidney                                | Dmean[a](#onco13273-note-0027){ref-type="fn"} | 11.4                              | 12.4                              | 4.4  | 18.7 | 18.0  | 8.8       | Clinical dysfunction \<5%        |
|                                             |                                               |                                   |                                   |      |      |       |           |                                  |
|                                             | \<15 Gy, Gy                                   |                                   |                                   |      |      |       |           |                                  |
+---------------------------------------------+-----------------------------------------------+-----------------------------------+-----------------------------------+------+------+-------+-----------+----------------------------------+
| Left kidney                                 | Dmean[a](#onco13273-note-0027){ref-type="fn"} | 21.3                              | 17.9                              | 5.1  | 17.7 | 7.9   | 4.5       | Clinical dysfunction \<5%        |
|                                             |                                               |                                   |                                   |      |      |       |           |                                  |
|                                             | \<15 Gy, Gy                                   |                                   |                                   |      |      |       |           |                                  |
+---------------------------------------------+-----------------------------------------------+-----------------------------------+-----------------------------------+------+------+-------+-----------+----------------------------------+
| Liver                                       | Dmean[b](#onco13273-note-0028){ref-type="fn"} | 15.6                              | 15.0                              | 5.0  | 21.7 | 11.6  | 3.0       | RILD                             |
|                                             |                                               |                                   |                                   |      |      |       |           |                                  |
|                                             | 21.4 Gy vs. 17.5 Gy, Gy                       |                                   |                                   |      |      |       |           | yes or no                        |
+---------------------------------------------+-----------------------------------------------+-----------------------------------+-----------------------------------+------+------+-------+-----------+----------------------------------+
| V30[b](#onco13273-note-0028){ref-type="fn"} | 16.6                                          | 13.6                              | 0.1                               | 28.4 | 9.1  | 0.7   | RILD      |                                  |
|                                             |                                               |                                   |                                   |      |      |       |           |                                  |
| 34.6% vs. 26.6%, %                          |                                               |                                   |                                   |      |      |       | yes or no |                                  |
+---------------------------------------------+-----------------------------------------------+-----------------------------------+-----------------------------------+------+------+-------+-----------+----------------------------------+
| Duodenum                                    | V35[c](#onco13273-note-0029){ref-type="fn"}   | 100.0                             | 100.0                             | 0.0  | 86.5 | 100.0 | 0.0       | Grade ≥2 gastroduodenal toxicity |
|                                             |                                               |                                   |                                   |      |      |       |           |                                  |
|                                             | \<5.4%, %                                     |                                   |                                   |      |      |       |           | 9% vs. 46%                       |
+---------------------------------------------+-----------------------------------------------+-----------------------------------+-----------------------------------+------+------+-------+-----------+----------------------------------+
| Small bowel                                 | V35[c](#onco13273-note-0029){ref-type="fn"}   | 71.7                              | 24.5                              | 0.0  | 25.8 | 15.8  | 0.0       | Grade ≥2 gastroduodenal toxicity |
|                                             |                                               |                                   |                                   |      |      |       |           |                                  |
|                                             | \<5.4%, %                                     |                                   |                                   |      |      |       |           | 9% vs. 46%                       |
+---------------------------------------------+-----------------------------------------------+-----------------------------------+-----------------------------------+------+------+-------+-----------+----------------------------------+

Kidney Dmean constraint according to quantitative analyses of normal tissue effects in the clinic (QUANTEC), Bentzen et al., 2010 [26](#onco13273-bib-0026){ref-type="ref"}.

Liver Dmean, V30 constraints according to NTCP for liver disease, Cheng et al., 2005 [27](#onco13273-bib-0027){ref-type="ref"}.

Duodenum/small bowel V35 constraint according to NTCP for duodenum toxicity, Holyoake et al., 2017 [28](#onco13273-bib-0028){ref-type="ref"}.

Abbreviations: EF, extended field (abdomen); IFRT, involved field radiation therapy; ISRT, involved site radiation therapy; RILD, radiation‐induced liver disease.

Discussion {#onco13273-sec-0022}
==========

We present, to our knowledge, the largest cohort of intestinal lymphoma treated with curative‐intent radiation therapy as part of multimodal treatment. The two subgroups, reported with a median follow‐up of 10.0 and 11.8 years, respectively, present an extensive analysis of the course of this rare disease. Radiation therapy of intestinal lymphoma adapted to stage, histology, and surgical resection has been established as curative approach in primary therapy because of the option for organ maintenance and success in causing lymphoma regression [1](#onco13273-bib-0001){ref-type="ref"}, [15](#onco13273-bib-0015){ref-type="ref"}.

The outcome in our cohort of patients after locoregional radiation therapy in the context of multimodal treatment (67.2% resected, 66.4% received chemotherapy previously) is excellent with an exceptionally high complete response rate of 100% and low disease‐specific death in 11.2% (15/134) of the patients. Relapse occurred in 15.7% (21/134) of the entire cohort; in 12 of 21 relapsing patients a possible causal relationship between primary therapy and development of relapse cannot be ruled out, in view of protocol violations.

Distant relapse was more frequent than local (4:1), differing from the results of a retrospective analysis of 37 patients showing predominant locoregional relapse [16](#onco13273-bib-0016){ref-type="ref"}. The different histological subtypes of the gastrointestinal lymphomas show different specific spread of disease [17](#onco13273-bib-0017){ref-type="ref"}.

Local and distant relapses were always in histological accordance with the primary lymphoma. First recurrences could be salvaged successfully with at least stable disease in 12 of 21 patients, most commonly resulting in continuing de novo complete remission and second relapse occurring in only six patients after renewed disease‐free intervals between 15 and 69 months. A third relapse occurred in only one patient after another 120 months. Disease‐specific survival remains high by reason of effective salvage therapies, and we observed a small proportion of progression to further advanced disease.

We identified the histologic subtype of iL as a relevant but nonsignificant factor associated with lymphoma‐specific survival, observing more patients with aggressive histologic subtype who died of disease [17](#onco13273-bib-0017){ref-type="ref"}, [18](#onco13273-bib-0018){ref-type="ref"}.

The proportion of surgical procedure has decreased over the two studies (84.2 vs. 60.4%), partly triggered by the good outcome of the patients without surgery in gastric lymphoma [1](#onco13273-bib-0001){ref-type="ref"}, [15](#onco13273-bib-0015){ref-type="ref"}. Radiation therapy as definitive treatment approach in iL was well tolerated; no radiotherapy‐associated death was shown in the entire cohort. Acute toxicity particularly was related to leukocytopenia and diarrhea of low grades, without significant difference between the two studies.

Of the 10 patients who died from second malignancies, 7 patients received chemotherapy before radiation during primary treatment, as potential additional trigger for secondary tumors.

The composition of this cohort and the acute and chronic side effects that have arisen refer to a larger collective of patients than published by other groups [16](#onco13273-bib-0016){ref-type="ref"}, [19](#onco13273-bib-0019){ref-type="ref"}, [20](#onco13273-bib-0020){ref-type="ref"}. Our results confirm the excellent outcome of early‐stage iL when treated with additional RT in multimodal treatment, as reported in a retrospective analysis, which demonstrated the important role of radiotherapy for local control and survival especially for patients with unresected lymphoma disease [16](#onco13273-bib-0016){ref-type="ref"}. In this cohort the survival rates are comparable to or even more favorable than those of studies on intestinal lymphoma with small sample size [16](#onco13273-bib-0016){ref-type="ref"}, [19](#onco13273-bib-0019){ref-type="ref"}, [20](#onco13273-bib-0020){ref-type="ref"}.

No transformation to aggressive lymphoma was shown in our follow‐up subgroup, compatible with the general low rate in other studies [21](#onco13273-bib-0021){ref-type="ref"}, [22](#onco13273-bib-0022){ref-type="ref"}. The follow‐up results show that patents with iL can have late relapse until 14.3 years after initial diagnosis, emphasizing the importance of lifelong follow‐up [22](#onco13273-bib-0022){ref-type="ref"}, [23](#onco13273-bib-0023){ref-type="ref"}. The reduction of prescribed RT dose in indolent non‐Hodgkin lymphomas is an object of study in recent trials [24](#onco13273-bib-0024){ref-type="ref"}, [25](#onco13273-bib-0025){ref-type="ref"}. Considering combined underdosage and inadequate field size among four relapsing study patients with infield failure, the significance of adequate target volume coverage must be emphasized.

The different follow‐up periods of the two study designs need to be considered in comparing the results. The strengths of our cohort include the large number of patients treated with definitive radiation therapy as part of multimodal treatment, the confirmed diagnoses by experienced hematopathologists, and the standardized radiation therapy approach with follow‐up examinations. The large sample size and the length of follow‐up supply detailed information about the efficacy and long‐term outcome of stage‐ and histology‐adapted RT fields in intestinal lymphoma.

The comparative dose results in technically available CT scans of two patients with indolent duodenal lymphoma demonstrate exemplary lower radiation exposure to adjacent organs at risk from current standard ISRT 30 Gy. Reduced dose values for current ISRT 30 Gy in contrast to the past concepts are associated with significant lower NTCP for kidney dysfunction, radiation‐induced liver disease and higher‐grade gastroduodenal toxicity [26](#onco13273-bib-0026){ref-type="ref"}, [27](#onco13273-bib-0027){ref-type="ref"}, [28](#onco13273-bib-0028){ref-type="ref"}.

Conclusion {#onco13273-sec-0023}
==========

Intestinal lymphoma can be successfully treated with RT as component of multimodal treatment, resulting in minimal toxicity and excellent long‐term lymphoma control rates. The natural course of disease depends on indolent or aggressive histology, and the overall survival of intestinal lymphoma remains high after salvage therapy. The present long‐term results are encouraging for prospective radiation treatment in intestinal lymphoma. Current standard target volume ISRT and modern radiation techniques, intensity modulated radiation therapy and image‐guided radiation therapy, potentially allow for further improvement of patient outcomes as well as sparing of normal tissue and optional increase of tumor control. The established biophysical models for determination of NTCP offer the possibility of anticipating the apparently good (normal tissue) compatibility of modern target volume definition and radiation technique in intestinal lymphoma. The results of these large prospective studies can be a valuable contribution to the renaissance of radiation therapy using current concepts in intestinal lymphoma.
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